One author (D.B.) screened all records with regard to title and abstract. We included all cohort studies with aneurysm growth as an outcome measure in which effect estimates for aneurysm growth were given or could be calculated. Exclusion criteria were (1) article written in language other than English, Dutch, German, French, Spanish, or Italian; (2) studies on vascular malformations other than intracranial aneurysms; (3) reviews, editorials, letters, conference abstracts, case reports, and case series <15 patients; and (4) in vitro studies, animal studies, simulation studies, or mathematical models. Two authors (D.B. and K.G.L.) independently screened all remaining full-text articles on their eligibility for inclusion. We also checked the prospectively collected personal database of one of the authors (G.J.E.R.) and cross-checked the reference lists of all included studies for further relevant studies until no further publication was found (Figure 1 ).
A pproximately 3% of the adult population has an unruptured intracranial aneurysm. 1 Identification of an unruptured aneurysm offers an opportunity for preventive endovascular or microsurgical occlusion, but both treatment methods carry risks of complications. 2, 3 For many small aneurysms, the risk of rupture is considered to be much lower than this risk of complications, [2] [3] [4] and such aneurysms are often left untreated. Because aneurysms tend to increase in size over time, and larger size is associated with higher risk of rupture, follow-up imaging to assess growth of aneurysms is recommended for aneurysms that are left untreated. 5 Moreover, growth may be a good surrogate marker for rupture in follow-up and treatment studies on unruptured intracranial aneurysms because risk prediction models for rupture also predict growth. 6 In this systematic review and meta-analysis, we aim to identify patient-and aneurysm-specific risk factors for aneurysm growth.
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Data Extraction
Two authors (D.B. and K.G.L.) independently extracted crude data and effect estimates (odds ratio, relative risk, and hazard ratio) for patient-and aneurysm-specific risk factors for aneurysm growth. In case multiple publications reported on the same patient population, we included data from the publication with the largest number of patients. If other publications on the same patient population provided data on risk factors that were not described in the publication with the largest patient population, we also included those data. Patient characteristics of interest were population, age, sex, hypertension, previous subarachnoid hemorrhage (SAH), smoking (previous and current smoking or smoking at baseline), family history of intracranial aneurysms, multiplicity of unruptured aneurysms, diabetes mellitus, hyperlipidemia, excessive alcohol use, history of cerebrovascular disease, and history of coronary heart disease. We considered a risk factor to be present or absent according to the assessment and definition in the original studies. Aneurysm characteristics of interest were aneurysm location (middle cerebral artery, internal carotid artery, posterior communicating artery, anterior communicating artery or anterior cerebral arteries, all posterior circulation locations, and basilar artery separately), aneurysm size (≤4, ≥5, ≥7, and ≥10 mm), and irregular shape. In case of missing data, we contacted the authors of the original publication for additional data. The methodological quality of included studies was rated with the Newcastle Ottawa Scale for cohort studies. 7 Studies with a Newcastle Ottawa Scale score of >5 were considered high-quality studies.
Statistical Analyses
All potential patient-specific risk factors were analyzed on a patientbasis, and all aneurysm characteristics were analyzed on an aneurysm-basis. We performed univariable Poisson regression analysis to calculate risk ratios (RRs) with corresponding 95% confidence intervals (CIs) for each potential risk factor. A sensitivity analysis was performed in which we excluded studies without a definition of aneurysm growth and studies that reported a proportion of cavernous internal carotid artery aneurysms ≥7.5% because these aneurysms are unlikely to cause SAH. In other sensitivity analyses, we studied the risk of aneurysm growth according to study design and quality. To assess heterogeneity of effects across studies, we used the Higgins I 2 with the most adjusted effect estimates reported in the original publications. 8 If no effect estimates were given, we used crude data to calculate the RR with corresponding 95% CI. Little to moderate heterogeneity was defined as I 2 ≤60% and substantial heterogeneity as I 2 >60%.
Results
After screening 1234 publications, we identified 18 eligible articles describing 15 unique cohorts of patients, totaling 3990 patients with 4972 unruptured intracranial aneurysms and 11 269 patient-years of follow-up ( Figure 1 ). 6, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Table 1 gives an overview of the included patient populations. The mean duration of follow-up for all cohorts combined was 2.8 patient-years (range of mean follow-up per cohort, 1.0-18.9 years). A total of 437 (9%) aneurysms enlarged during 13 987 aneurysm-years of follow-up. Eleven studies on 9 unique cohorts of patients were considered high quality according to the Newcastle Ottawa Scale ( Table I in the online-only Data Supplement). 6, 9, 11, 12, 14, 16, 19, 20, 22, 23, 25 Table 2 gives an overview of the definitions of aneurysm growth and the type of imaging modalities used to assess aneurysm growth.
Patient-Specific Risk Factors for Intracranial Aneurysm Growth
The patient-specific risk factors for intracranial aneurysm growth are shown in Table 3 
Aneurysm-Specific Risk Factors for Intracranial Aneurysm Growth
The aneurysm-specific risk factors are shown in Table 4 . With aneurysms located on the middle cerebral artery as reference, RRs for aneurysm growth were 1.77 (95% CI, 1.30-2.41) for posterior circulation aneurysms, with an RR of 1.94 (95% CI, 1.32-2.83) for the subgroup of aneurysms on the basilar artery. Moreover, a larger aneurysm size was associated with a higher risk of aneurysm growth (Table 4 ). Irregularly shaped aneurysms had an RR of 2.32 (95% CI, 1.46-3.68) for aneurysm growth.
Sensitivity Analyses
The analyses in which we excluded studies without a definition of aneurysm growth and studies that reported a proportion of cavernous internal carotid artery aneurysms ≥7.5% showed comparable results as the main analyses (Tables II−V in the online-only Data Supplement). The RR of aneurysm growth was lower in prospective and high-quality studies compared with retrospective and low-quality studies ( Table 5 ).
Heterogeneity
Little to moderate heterogeneity was found between effect estimates for aneurysm growth for female sex, hypertension, smoking at baseline, diabetes mellitus, hyperlipidemia, cerebrovascular disease, coronary artery disease, and aneurysm location (Tables 3 and 4 ). Substantial heterogeneity between effect estimates was observed for age, previous smoking combined with smoking at baseline, previous SAH, family history of intracranial aneurysms, multiple unruptured aneurysms, aneurysm size, and irregular aneurysm shape.
Discussion
Female sex, hypertension, and smoking at baseline are strong patient-specific risk factors for intracranial aneurysm growth, with little to moderate heterogeneity between studies. The presence of multiple intracranial aneurysms was also strongly associated with an increased risk of aneurysm growth, but showed substantial heterogeneity between studies. Strong aneurysm-specific risk factors for aneurysm growth were posterior circulation location, a larger initial size, and irregular shape, although the last 2 showed substantial heterogeneity between studies. A family history of intracranial aneurysms, diabetes mellitus, hyperlipidemia, and excessive alcohol use were all associated with increased risk of aneurysm growth, but none of these risk factors reached statistical significance, which may relate to the small proportions of patients with these risk factors in the cohorts. A lower risk for aneurysm growth was observed in Finnish and Japanese populations 
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April 2016 compared with populations from North America or European countries other than Finland. Aneurysm growth and rupture share several risk factors such as female sex, hypertension, smoking, and aneurysm size, location, and shape, which suggests that aneurysm growth and rupture are processes with, in part, similar pathogenesis. 4, 26, 27 This is supported by studies that show highly increased risks of aneurysm rupture in growing aneurysms. 24, 28, 29 However, there are also striking differences between risk factors for aneurysm growth and risk factors for aneurysm rupture. Multiple intracranial aneurysms and smoking at baseline are strong risk factors for aneurysm growth, but were of limited predictive value for aneurysm rupture in recently published prediction tools for aneurysm rupture. 4, 26 Other risk factors such as a previous SAH and a positive family history of intracranial aneurysms were of limited predictive for aneurysm growth, but are strongly related to aneurysm rupture. 4, 30 In addition, one would expect to find a higher risk of aneurysm growth in populations that whave a high risk of aneurysm rupture, such as the Japanese or Finnish population. 4, 27 In contrast, we found that Finnish and Japanese patients have a decreased risk of aneurysm growth. Over time, intracranial aneurysms have periods of stability and instability, which may result in aneurysm growth and rupture. 31 It might be that the natural history of aneurysms differs between the high-risk Japanese or Finnish population and other, low-risk populations. For example, it could be that in high-risk populations the time interval between growth and rupture is much shorter than in low-risk populations, so that aneurysm growth is less likely to be detected by follow-up imaging. However, the decreased risk of aneurysm growth in the Japanese and Finnish population could also be explained by differences in study design such as variation in inclusion and exclusion criteria, or differences in guidelines for preventive aneurysm treatment between these cohorts and cohorts in other regions. Moreover, although the decreased risk of aneurysm growth was based on several Japanese cohorts, it is based on a single study for the Finnish population. 9 The seemingly protective effect of diabetes mellitus on the risk of SAH in epidemiological studies is in contrast with the trend toward an increased risk of aneurysm growth in this systematic review. 32 It could be that diabetic patients more often have cranial imaging because of other vascular manifestations such as transient ischemic attacks, leading to early detection of aneurysm growth and prevention of aneurysm rupture. Another explanation could be that diabetic patients have a higher risk of dying from other disease manifestations, thereby reducing the risk of dying from aneurysm rupture. 32 Some limitations need to be addressed. First, the risk factors found in this systematic review may not account for aneurysms with a high risk of rupture, because the majority of patients in the included studies had aneurysms with a low risk of rupture, and therefore had follow-up imaging instead of preventive aneurysm treatment. Second, there was variability between studies with regard to the definition of aneurysm growth. However, it is unlikely that this affects our results about risk factors for aneurysm growth, because definitions were consistent within studies. Third, there was considerable heterogeneity in the effect estimates of some of the risk factors we studied, which might have been caused by differences in methodology between studies (Table VI in the online-only Data Supplement). Fourth, follow-up of most studies was likely to be nonstandardized or incomplete because of the retrospective design, and therefore did not allow us to calculate reliable RRs for risk of aneurysm rupture in patients with aneurysm growth. Other factors that hamper assessing aneurysm growth as a risk factor for rupture are the fact that most centers will treat patients with aneurysm growth to prevent aneurysm rupture, which might lead to an underestimation of the rupture risk in patients with aneurysm growth. Also, aneurysm growth may have occurred before aneurysm rupture, but may not be detected because of a long interval between follow-up scans, which might also lead to an underestimation of the rupture risk in patients with aneurysm growth. Finally, the lack of individual patient data did not allow us to perform analyses on the optimal time interval for follow-up imaging or to report adjusted RRs from multivariable analyses.
Our results have implications for clinical practice and future research. First, the recently published American Heart Association guideline for unruptured intracranial aneurysms emphasizes that repeated follow-up imaging should be considered in patients with conservatively managed unruptured aneurysms to evaluate aneurysm growth. 5 The risk factors for aneurysm growth discussed in this meta-analysis can help physicians to determine which patients have a high risk of aneurysm growth and thereby are good candidates for 
April 2016 follow-up imaging. Second, most risk factors for aneurysm growth are consistent with risk factors for rupture. However, Japanese and Finnish cohorts had a decreased risk of aneurysm growth compared with cohorts from other regions, which is in contrast with the increased risk of aneurysm rupture in these populations. This unexpected finding might be caused by differences in natural history, study design, treatment guidelines, or imbalanced distribution of other risk factors between the cohorts. Pooling of individual patient data is needed to assess independent predictors of aneurysm growth. Legends: MCA = middle cerebral artery; ICA = internal carotid artery; PCOM = posterior communicating artery; ACOM = anterior communicating artery; ACA = anterior cerebral arteries; * excluding cavernous segment of the internal carotid artery if possible; † includes basilar artery and vertebral artery and its branches.
